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, 
This is the h a l  performance report for our grant “Membership and Coronal Activity in the NGC 
2232 and Cr 140 Open Clusters.” 

f the Primary Obiectives and ScoDe of the Pr&& 1. Brief Descrmtaon o . .  

Makmg use of eight archival ROSAT HRI images in the regions of the NGC 2232 and Cr 140, 
this project’s primary focus is to identify X-ray sources and to extract net source counts for 
these sources in these two open clusters. These X-ray data would be combined with ground- 
based photometry and spectroscopy in order to identify G, K, and early-M type cluster mem- 
bers. 

Such membership data are important because, at present, no members later than spectral 
type -F5 are currently known for either cluster. With ages estimated to be -25 Myr and at 
distances of just -350 pc, the combined latetype membership of the NGC 2232 and Cr 140 
clusters would yield an almost unique sample of soh-type stars in the post-T T a m r e -  
main sequence phase of evolution. These stars could be used to assess the level and disper- 
sion of coronal activity levels, as a part of a probe of the importance of magnetic braking and 
the level of magnetic dynamo activity, for solar-type stars just before they reach the zero-age 
main sequence. 

2. ProiectH 1 ‘ddiehts 

During the period of performance of this grant, all of the ground-based data needed to com- 
plete this study were acquired. In addition, data from the 2 W S  survey became available 
in 2003, which greatly enhanced the analysis of the  ROSAT data for these clusters. Hippar- 
cos and Tych02 parallaxes and proper motions were also added to the analysis. 

2.1 Ground-Based Photometry 

Optical VRI photometry was secured for possible optical counterparts to the X-ray sources in 
both clusters on the CTIO 0.9-m telescope in January 1999. These data were acquired using 
Directois Discretionary time on the 0.9-m telescope in conjunction with an unrelated observ- 
ing run on the CTIO P m  Blanco telescope. Consequently, these data were acquired at no 
cost to this project. 

2.2 Ground-Based S D ~ ~ ~ O S C O D V  

Optical spectroscopy for the optical counterparts to the X-ray sources which did not already 
have established spectral types were secured during two observing runs in January 2001. 
One run used the CTIO 1.5-m telescope and the other made use of the Fred L. Whipple Ob- 
servatory‘s 1.5-m telescope on Mt. Hopkins. 

2.3 2MASS Photometrv 

Although anticipated at a much earlier date, the 2 W S  survey JHK photometry became 
fully available in early 2003. Mr. Chris Orban, a summer intern participating in the SA0 
Research Experience for Undergraduates program, was tasked to extract JHK photometry 
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for all possible members of the NGC 2232 and Cr 140 clusters. This work was carried out 
under the Principal Investigator’s supervision and was funded by the SA0  REU program. 

2.4 Analysis 

The complete analysis of all of the data for these clusters (ROSAT, optical photometry, opti- 
cal spectroscopy, and 2MASS photometry) culminated in the summer of 2003. Previously, 
there was intense pressure in 2002 from the Spitzer IRAC project to provide some of the 
early results of our  analysis to members of one of the IRAC Guaranteed Time Observer pro- 
jects in  order to  assess whether or not NGC 2232 and Cr 140 would play a major role as tar- 
gets for this campaign. Because some of this analysis was rushed in order to support the 
planning of Spitzer scientific activities, it was redone in 2003 in a more thorough and rigor- 
ous fashion for publication. It was anticipated that Mr. Orban would play a larger role in 
seeing these data through to publication, beyond his contribution to gathering the 2MASS 
photometry in the summer of 2003. However that  has not come to pass. 

3. Results 

In  terms of the scope of this grant, the project has been a reasonable, although protracted, 
success. All of the supporting data needed to complement the analysis of the ROSAT data 
were acquired. The analysis of the ROSAT data is complete. In  NGC 2232,46 candidate 
late-type cluster members have been identified using the ROSAT data as a guide. In Cr 140, 
a dozen members of this cluster have been identified from the ROSAT data and enough evi- 
dence has been collected to justify calling this collection of stars a ”cluster.” 

4. Anticbated Activities to Complete Science Goals 

Included with this final report is a draft report on the NGC 2232 cluster prepared by Mr. 
Chris Orban in the fall of 2003. Unfortunately, Mr. Orban’s interest in this project has 
waned. In the summer of 2004 it  is anticipated the science goals of this project will be 
brought to a close with a publication of results authored by the Principal Investigator of this 
project. 

5. Final Patents Riehts/New Technolop Statement 

There have been no reportable patentshew technology made under this grant. 

Attachment: “Late-Type Membership of the Open Cluster NGC 2232” 
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ABSTRACT 
NGC 2232 is one of the nearest open clusters (-360 pc) with an age of -25 Myr. This 

places it in the unique position to study the transistion from T Tauri activity to  the Zero Age 
Main Sequence. In order for those studies to begin, late-type members must be identified for 
the cluster. X-ray obserations combined with ground-based photometry and spectroscopy offers 
the best way to accomplish this goal. We present photometry in the VRI bands, 2MASS near- 
infrared measurements in the J, H ,  K s  bands and spectra for the suspected optical counterparts 
to the X-ray sources in the field of NGC 2232. 46 candidate members were identified though 
these efforts ranging from F5 to M5. 

1. Introduction 20% or more of the nearly 200 clusters noted in 
AstmphysicalQuantities are in doubt as gravita- 
tionally bound groups of stars. Previous studies 
of NGC 2232 have done well to establish it as 
a legitimate open cluster. 20 candidate members 
were identified in Clarii (1972) through photomet- 
ric analysis, which were mostly bright early-type 
stars that hold most of the mass of the cluster. 
The legitimacy of NGC 2232’s clusterhood is dis- 
cussed later in this report. 

The best way to confirm a cluster’s existence 
is to identlfy more candidate members. X-ray 
imaging combined with ground-based photometry 
and spectroscopy offers the best way to identify 
latetype candidate members in open clusters since 
many pre-main-sequence stars with a spectral type 
earlier than F5 are X-ray emitters. The Roent- 
gen Satellite (ROSAT) proved to be well suited 
for these X-ray observations as demonstrated by a 
number of previous studies. A good summary of 
the results of ROS,4T observations of 13 open clus- 

sources in the field NGC 2232 have been analyzed 
to determine likely optical and infrared counter- 

firm their spectral types. The sources have been 
circled on the field of NGC 2232 in figure 1. 

NGC 2232 is a nearby open cluster (d - 360 
pc) with an age of -25Myr. Because of its re- 
cent formation, it provides a well-defined sample 
of young stars to  test models of stellar evolution. 
In particular, the characteristics of solar-type stars 
between the T Tauri phase at -10Myr and Zero 
Age Main Sequence (ZAMS) at -50 Myrs can 
be investigated with this cluster. A number of 
optical photometry studies, in addition to spec- 
troscopy for NGC 2232, have not identified any 
cluster members later than a spectral type of F5. 
Without well-studied late-type members to place 
constraints on theory, the T Tauri to  ZAMS tran- 
sition remains poorly understood. Most stars in 
the Galactic disk were formed in open clusters, so 
our knowledge of the details of star formation and 
the characteristics of open clusters improves our 
understanding of the Galatic system as a whole. 

In figure 6 ,  a wide field centered on NGC 2232 

members. The classifications done by Collinder 
(1931) and Ruprecht (1966) did not have the bene- 

ern methods to identify clusters. In more mod- 
ern times, even with photometric measurements 

. is presented without visual aids to identify cluster 

fit of photometric observations or other more mod- 

ters can be found in Randich (1997). The X-ray 

parts while optical spectra have been used to con- . 



Fig. 1.- The NGC 2232 region with HRI X-ray 
sources circled, and the CCD frames used in opti- 
cal photometry in boxes. 

Proper motions provide an important diagnos- 
tic for cluster membership. These data are par- 
ticularly valuable since all of the stars in an open 
cluster are thought t o  have formed together and 
remain gravitationally bound until they become 
tidally disrupted by the Galaxy and disperse. 
Cluster members will have similar proper mo- 
tions across the sky since they move together as a 
group. Thus proper motions provide a completely 
independent method of determining cluster mem- 
bership. Unfortunately proper motion surveys do 
not yet extend to the magnitudes of the late-type 
members in NGC 2232, however, analysis of early- 
type members can be accomplished. This study 
presents only the photometric data on these early- 
type members identified in ClariA (1972). 

Color-color and color-magnitude diagrams con- 
structed from photometric observations along with 
spectra form another principle means of determin- 
ing cluster membership. Volumes of informatiqn 
about a star can be gleaned from spectral observa- 
tions, the most important being the spectral type 
and luminosity class, which can be used to pre- 
dict the unreddened photometric colors which are 
t,hen compared t,o the positim on the Color-Color 
diagram to determine the amount of reddening, 
that appears as an offset from the color relation 
of normal main sequence stars. All of the mem- 
bers of the cluster can be assumed to  be at the 
same distance away, and have approximately the 

NGC 2232 (6h 28m -4deg) and has been ex- 
tensively imaged with the ROSAT High Reso- 
lution Imager (HFU) and optical data has been 
taken a t  the Cerro Tololo Inter-American Obser- 
vatory (CTIO), including VRI photometry and 
spectroscopy of possible optical counterparts to  X- 
razy sources, with additional spectroscopv from ob- 
servations at the Mt. Hopkins Fred Whipple Ob- 
servatory. The 2 Micron All Sky Survey (2MASS) 
All Sky Point Source Catalog has recently become 
available for photometry in 2003, and is also in- 
cluded in our analysis. 
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same amount of extinction since the physical size 
of most clusters are small in comparison to their 
distance. A color-magnitude diagram reveals the 
cluster members since the stars appear in a se- 
quence offset from the field stars. Knowledge of 
the absolute magnitude of each spectral type can 
be used with extinction and best fit t o  the stars 
to  determine the distance to the cluster. 

Refining the membership of this cluster can 
fuel future studies with late-type stars to  inves- 
tigate a variety of characteristics of NGC 2232. 
Of particular interest is age determination since 
many different methods exist in addition to  the 
well-established cluster turnoff age (or isocrone fit- 
ting) of 25Myr quoted previously. Studies of X-ray 
emission from the late-type members of other open 
clusters with the ROSAT mission have suggested 
that many of these late-type stars that begin their 
main sequence lives as strong X-ray emitters ex- 
hibit an overall decline of X-ray activity with time, 
as shown in the X-ray luminosity functions of open 
clusters with varying ages in Patten and Simon 
(1996). 

The cluster age can also be estimated from 
Lithium depletion in brown dwarf stars, detected 
from the presence of Lithium absorption lines as 
was demonstrated for M stars in IC 2391 in Bar- 
rad0 et al. (1999). Our results may provide can- 
didate members to  be observed for this signature 
in future studies using this method. The Space 
Infrared Telescope Facility (SIRTF) may also ob- 
serve late-type pre-main-sequence stars to investi- 
gate the accretion disks and their characteristics. 
Knowledge of late-type members for these clusters 
will benefit those efforts as well. 

2. OBSERVATIONS 



2.1. ROSAT 

The ROSAT HFU camera, designed and built 
at the Harvard-Smithsonian Center for Astro- 
physics, features a 38’ field of view and 10” 
FWHM. The data were taken from the High En- 
ergy Astrophysics Science Archive Research Cen- 
ter (HEASARC) online database. The camera’s 
high resolution allows excellent source discrimina- 
tion and minimizes source confusion when search- 
ing for optical counterparts to the X-ray sources 
and its wide field of view allowed NGC 2232 to  
be covered in two pointings. An observation of 
the first of the two NGC 2232 fields is presented 
in Figure 2. A total of 67 ks of integration were 
taken in each field for NGC 2232. Dr. Brian Pat- 
ten reduced these data using x-ray packages in 
I M F  and found 55 sources with a signal to noise 
higher than 2.5 in the KGC 2232 Edd. ??-%A 
and 78-07 are the same source because they lie in 
the overlap between these two fields. Three opti- 
cal counterparts are considered for 77-35 since the 
X-ray position differs by a few arcseconds. The 
Point Spread Function (PSF) increases slightly 
towards the edge of the field, which explains this 
discrepancy. 77-02A and 78-10 are also the same 
source. 

Fig. 2.- An example of a typical X-ray field is 
shown above. This particular image is of the first 
pointing of NGC 2232. Bright X-ray sources can 
be seen above the background. 

2.2. Optical Ground-Based Photometry 

Photometry for both clusters in the VRI bands 
were taken at  the CTIO-.9m telescope by Dr. 
Brian Patten during the nights of 4-7 January 
1999. These data have been bias-subtracted and 
flat-fielded and calibration data have been ex- 
tracted to  put subsequent photometry onto a stan- 
dard VRI system by Dr. Patten. The following 
transformations convert the instrumental magni- 
tudes and colors to the standard Cousins VRI sys- 
tem: 

1999 January 5: 
V = v + 0.0401(R - I) - 2.9571 
(V - R) = 1.0081(~ - T )  + 0.1298 
(R - I) = 0.9837(r - i) + 0.7987 

1999 January 6: 
V = v + 0.0161(R - I) - 3.0041 
( V  - R )  = 0.9964(u - r )  + 0.0804 
( R  - I )  = 0.9541(~ - i) + 0.8297 

1999 January 7: 
V = v + 0.0513(R - I) - 2.9704 
(V - R) = 1.06251~ - r )  + 0.0917 
(R - I) = 0.9519(r - E )  + 0.7955 

This conversion is estimated to  be in agreement 
with the standard system to  within -24% for the 
three nights. Photometry for the possible optical 
counterparts to  the X-ray sources was performed 
by Chris Orban and Dr. Brian Patten. Table 1 
presents the results of these observations. 

2.3. Ground-Based Spectroscopy 

Spectra of possible optical counterpart stars in 
the neighborhood of the X-ray source were also 
taken by Dr. Brian Fatten with the Mt. Hopkins 
Fred Lawrence Whipple Observatory (FLWO) 
1 . 5 ~ 1  te!escc?pe ar?d the CTIO 1.Sm t,elescope. The 
spectrographs achieved -9 -4ngstrom resolution in 
a range of about 4200 to  7650 Angstroms for the 
purpose of determining the star’s spectral type 

. and noting emission lines. These data have been 
reduced and spectral types assigned by BMP. The 
results of the spectroscopy also appear in table 3. 

. 
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Colons indicate uncertainty in the assigned spec- 
tral type and an "e" notes the presence of emission 
lines. The assignments are considered to be accu- 
rate to one subclass. In table 3 asterisks beside the 
spectral assignments for 77-29 and 78-05 indicate 
that in each case only one spectra was taken with 
both counterparts on the slit. The asterisk by 
77-31 and 77-43 indicates that two spectra were 
taken, and one discarded as unreliable in each 
case. 

2.4. 2MASS Near-Infrared Photometry 

The recent release of the 2MASS All Sky Point 
Source Catalog in 2003 has enabled infrared bands 
J ,  H ,  and Ks  to be included in the photometry for 
most of the possible optical counterparts to the 
X-ray sources. These data have been extracted by 
Chris Orban from the 2MASS database. Color- 
color diagrams have been constructed from these 
data which serve as a diagnostic to test if the spec- 
tral type is consistent with the near-infrared col- 
ors, and if not it helps to answer the question of 
whether the star is simply reddened, or something 
more bizarre. Not all of the late-type stars men- 
tioned in this study have 2MASS data. The Point 
Source Catalog is limited to 15.8 magnitude in J ,  
15.1 in H ,  and 14.3 in Ks with error levels of 0.109 
magnitude. (2MASS website) This excludes some 
of the dimmer optical counterparts from 2MASS 
analysis. 

The late-type dwarf color relations in figure 4 
are taken from Leggett (1992). The giant relations 
were derived from Bessel & Brett (1988), and the 
early-type relations derived from Kenyon & Hart- 
mann (1995). The lattter two were transformed 
to the CIT photometric system which is close to 
the standard bands used in the 2MASS survey. 

3. Analysis 

3.1. Optical Counterparts 

By scanning Table 1 it becomes obvious that in 
many cases there is more than one optical counter- 
part within the error radius of the ROSAT X-ray 
source since many in the counterpart list are A, B's 
and even C's to the 4 digit X-ray IDS. The first 
step towards refining cluster membership is first to 
determine which of these possible optical counter- 
parts are actually producing X-rays from the VRI 
photometry, J - H and H - K colors as well as 

F" " " " " " " " " " " " i  

/ 

Fig. 3.- The color-color diagram for the VRI 
photometry in this study. The black line marks 
the unreddened colors for normal dwarf stars. The 
arrow on the diagram shows the direction of the 
reddening vector, and its magnitude corresponds 
to 5 magnitudes of extinction. The cluster is not 
significantly offset from the unreddened main se- 
quence colors, so it is easily shown that the cluster 
does not have a large extinction. 

the spectral classes assigned by BMP. An optical 
counterpart is considered to be the source of the 
X-rays if it passes the following tests: 1. It must 
lie within the error radius (5 arcseconds) of the X- 
ray source. 2. Its spectral type must be consistent 
with stars expected to produce X-rays. Spectral 
Types later than B6 and earlier than F5 are not 
expected to be strong X-ray sources. 3. If a spec- 
tral type is known for the source the reddening 
can be determined from the color-color diagram. 
ROSAT was sensitive to soft X-rays only, which 
are particularly succeptable to extinction effects, 
so highly reddened objects are less likely to be an 
x-ray source. Those considerations in addition to 
ROSAT's sensitivity make the case for detecting 
stellar sources at distance modulae greater than 
10 quite difficult. 4. Considerations for non-stellar 
emitters such as pulsars or galaxies must be taken 
into account as well as well as ROSAT UV leak. 

In each of the cases with complete or nearly 

4 
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Fig. 4.- A color-color diagram for the near- 
infrared counterparts to the X-ray sources de- 
tected in the field of NGC 2232 and previously 
studied early-type members from 2MASS data. 
The theoretical, unreddened color relations of 
dwarf stars are indicated with a solid line, and 
similarly for giant stars, indicated with a dotted 
line. Notice that the points lie close to the dwarf 
relations, indicating very little reddening. The de- 
parture from the color relations near the origin 
are likely an artifact of the 2MASS bands being 
slightly off from the CIT photometric system, the 
standard that the dwarf tracks are based. 

complete data on table 1 except for 77-33 where 
no convincing optical counterparts were found and 
77-14 which had two very closely spaced stars, a 
suitable optical counterpart to the X-ray source 
was found to  pass all of the above tests, while the 
other counterparts failed or did not meet the cri- 
teria nearly as well. Counterparts nearer to the 
center of the X-ray position were considered more 
convincing than those further away, yet still within 
the error radius. 

In tables 1 and 2, the stars eliminated as a pos- 
sible optical counterpart are marked with an XC 
in the notes column. 
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Fig. 5.- A color-magnitude diagram for the VRI 
observations. The cluster sequence spans from u p  
per left to  lower right. 

3.2. Candidate Members 

There are a few special cases of note in this 
data set. A few of the X-ray sources correspond 
to stars studied in Clarii’s previous work on the 
cluster. (Clarih 1972) Sources 77-05, 77-07, 77-10, 
77-24A, 78-03,78-11, and 78-16 were confirmed as 
cluster members in that study and numbered 22, 
8, 1, 18, 2, 3, and 12 respectively. The VRI pho- 
tometry quoted for these sources except for Star 
22 have been generated from UBV measurments 
in Clarih’s study with main sequence polynomial 
relations supplied by BMP since many were so 
bright that they were saturated in all of the CTIO 
CCD fields. Star 22 (77-05) was dim enough to 
provide good photometry in the short exposures 
so the quoted VRI photometry is from our mea- 
surements. There is actually a large discrepancy 
between the Clari&’s V magnitude and our study. 
We quote 11.481 in table 1 wheras it is quoted as 
9.28 in Clarib’s study, which analyzed the bright- 
est stars in the fi4d progressively down to 11.36 
magnitude. The discrepancy seems too large to 
attribute to variability in the star. 

Many of the sources studied by C h i &  which 
also appear as X-ray sources may not be legitimate 
emitters since they fail or fall near the boundary 

5 



outlined the second criteria. It is likely that for 
some of these stars a late-type companion may be 
the source of the X-rays, as is likely the case with 
77-10, a bright B star with a variable radial ve- 
locity, confirming the existence of a companion. 
77-09, a bright A0 star, is labeled BD-04 1526B 
in previous study also is a confirmed binary sys- 
tem. Another possibility is that these bright, hot 
early-type stars may be causing spurious detec- 
tions because of ROSAT’s suspected UV leak. 

Another interesting source is 78-13; the galaxy 
LEDA 7571 (also referred to as CGMW 1-108) is 
its optical counterpart. It was previously unknown 
as a source of X-ray emission, and a few smaller 
galaxies can be seen nearby in the CCD frames. 
The appearance of galaxies in this field corrobo- 
rates the low extinction apparent in the color-color 
diagrams. 

In order for the X-ray source to be considered 
a candidate member, it must pass the following 
critera: 1. It must have a low level of reddening 
since the cluster has very little reddening (-0.05 
magnitudes). 2. The spectral type of the star 
must be consistent with the predicted unreddened 
colors to within 0.15 magnitudes. 3. On a color- 
magnitude diagram it must lie near the cluster se- 
quence. Quantified, the star must have a distance 
modulus on the order of 7.82 (366 pc, the distance 
determined from the Hipparcos parallax of the 
early type members). 4. This cluster is expected 
to be quite young, -25 Myrs from previous stud- 
ies (Claria 1972) and thus the late-type stars are 
expected to still be evolving towards the main se- 
quence and are likely to have emission lines. This 
feature in the spectra is expected to be common 
for late-type members. 

4. Conclusions 

Almost 90% of the optical counterparts to the 
X-ray sources meet the critera to become candi- 
date members. 46 new members have been iden- 
tified, bringing the total number (Clarib and this 
study) to 66. The positions of khe confirmed clus- 
ter members are circled on figure 7. Any doubts 
of the existence of the cluster as a gravitation- 
ally bound group of stars has been eliminated. A 
significant number of bright, high mass early-type 
stars and lower mass late-type stars have been con- 
firmed as cluster members. Yet another cluster 

has proven ROSAT to be well-suited for identify- 
ing late-type members in open clusters. 
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. 

Fig. 6.- A two degree by two degree field of NGC 2232 is presented without visual aids to  mark the 
confirmed cluster members or X-ray positions. This cluster was originally identified by the apparent visual 
concentrations of stars above the normal conscentration of field stars. 
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TABLE 1 
POSSIBLE O P T I C A L  COUNTERPARTS T O  X-RAY S O U R C E S  IN T H E  FIELD OF NGC 2232 

X-ray ID RA Dec J ( J - H )  ( H - K s )  v ( V - R )  ( R - I )  Notes 

77-01 
77-02A 
77-02B 
77-03 
77-04A 
77-04B 
77-05 
77-06 
77-07 
77-08 
77-09 
77-10 
77-11 
77-12A 
77-12B 
77-12C 
77-12D 
77-13 
77-14A 
77-14B 
77-15 
77-16 
77- 17 
77-18 
77-19A 
77-19B 
77-21 
77-22 
77-23A 
77-23B 
77-24A 
77-24B 
77-26A 
77-26B 
77-28 
77-29A 
77-29B 
77-30A 
77-30B 
77-31 
77-32 

06:27:27.576 
06:27:30.797 
06:27:31.405 
06:27:40.252 
06~27~44.767 
06~27~44.942 
06:27:45.871 
06:27:46.019 
06:27:47.599 
06:27:47.762 
06:27:52.494 
06:27:57.551 
06:28:00.095 
06:28:04.164 
06:28:04.27 
06:28:04.328 
06:28:03.86 
06:28:05.533 
06:28:05.6 
06:28:06.0 

06:28:06.015 
06:28:08.505 
06:28:09.588 
06~28: 12.363 
06:28:18.834 
06:28: 19.233 
06:28:48.049 
06:28:49.945 
06:28:56.296 
06:28:56.327 
06: 27: 10.546 
06:27:10.954 
06:27:29.095 
06~27128.6 

06:28:01.841 
06:28:10.765 
06:28:10.529 
06:28:14.1 
06:28:13.6 

06:28:37.959 
06:28:44.979 

-04:45:22.99 
-04~39t31.58 
-04:39:31.03 
-04~42:45.73 
-04:44:03.24 
-04144~09.33 
-04:42:14.74 
-04~46t22.04 
-04:49:28.79 
-04:40:32.87 
-04:46:00.43 
-04:45:42.44 
-04:47:34.71 
-04: 53: 54.06 
-04:54:13.2 
-04: 54:04.76 

-04:54:05 
-04:40:58.18 
-04:38:28.2 
-04~38128.2 
-04:36:20.88 
-04:44:23.97 
-04~47~54.18 
-04:45:42.52 
-04:50:57.85 
-04r50152.85 
-04~42~43.85 
-04~45~48.17 
-04:49:09.15 
-04~49:03.11 
-04:46:48.63 
-04~46157.17 
-04:52:22.71 
-04:52:28.9 
-04:44:06.95 
-04~32~41.77 
-04:32:42.80 
-u4:33:43.5 
-04:33:40.5 
-04:58:56.17 
-04r42t49.88 

12.087 
10.851 

101 
13.774 
13.404 
15.039 
10.524 
11.011 
7.886 
11.116 
9.251 
5.459 
13.533 
11.114 
12.741 

15.361 
13.083 
13.419 
13.077 
12.555 
13.472 
13.247 
14.135 
12.557 

11.380 
10.864 
11.383 
14.052 
8.932 
14.386 
13.083 
13.636 
12.476 
12.188 
13.822 
12.350 
12.680 
12.027 
12.126 

. . .  

... 

0.680 
0.311 

0.681 
0.656 
0.505 
0.208 
0.275 
-0.046 
0.357 
0.011 
-0.129 
0.607 
0.635 
0.802 

0.393 
0.697 
0.616 
0.709 
0.696 
0.689 
0.679 
0.634 
0.674 

0.468 
0.329 
0.429 
0.630 
0.081 
0.309 
0.600 
0.603 
0.403 
0.578 
0.594 
0.646 
0.638 
0.679 
0.697 

... 

... 

. . .  

0.196 
0.088 

0.214 
0.198 
0.097 
0.062 
0.087 
0.018 
0.102 
0.032 
0.022 
0.276 
0.170 
0.187 

0.341 
0.203 
0.269 
0.189 
0.227 
0.177 
0.211 
0.293 
0.193 

0.124 
0.136 
0.116 
0.235 
0.036 
0.063 
0.293 
0.173 
0.122 
0.170 
0.157 
0.138 
0.153 
0.178 
0.178 

... 

. . .  

. . .  

15.346 
12.114 
18.455 
17.986 
17.837 
19.910 
11.481 
12.178 

12.375 
. . .  

... 

... 
17.574 
13.645 
15.755 
19.591 
17.636 
16.477 

. . .  

... 
16.234 
17.467 
16.835 
18.305 
15.376 
19.299 
12.959 
12.124 
12.932 
16.570 

15.935 
17.423 
16.101 
14.161 
14.387 
15.691 
14.928 
15.047 
15.041 
15.237 

... 

0.967 
0.367 
0.624 
1.142 
1.237 
0.828 
0.300 
0.356 

0.413 
... 

... 

... 
1.231 
0.763 
0.883 
0.295 
0.694 
1.004 
... 
... 

1.063 
1.178 
1.036 
1.194 
0.881 
0.832 
0.490 
0.384 
0.500 
0.826 

0.445 
1.178 
0.700 
0.488 
0.682 
0.474 
0.769 
0.757 
0.929 
0.954 

. . .  

1.096 
0.424 
0.619 
1.579 
1.633 
0.837 
0.327 
0.380 

0.412 
... 

... 

... 
1.449 
0.774 
0.871 
0.419 
0.672 
1.202 
... 
... 

1.340 
1.460 
1.271 
1.545 
0.920 
0.611 
0.524 
0.434 
0.465 
0.856 

0.579 
1.635 
0.730 
0.510 
0.668 
0.529 
0.848 
0.729 
0.989 
1.067 

... 

prob w/ V mag 

need vri 

spec case 
spec case 

NC 

NC 

NC 

NC 

NC 

NC 

I 



TABLE 2 
OPTICAL COUNTERPARTS Continued 

X-ray ID Fa D€X J ( J - H )  ( H - K s )  V (V-R) ( R - I )  Not- 

77-33A 
77-33B 
77-34A 
77-34B 
77-35A 
77-35B 
77-35c 
I I-JDA 
77-36B 
77-37 
77-38 
77-41 
77-43 
77-44 
77-45 
78-01A 
78-01B 
78-01C 
78-02A 
78-02B 

-- ..e . 

78-03 
78-04 
78-05A 
78-05B 

78-07 
78-08 

78-06 

78-09 
78-10 
78-11 
78-12 

78-14 
78-13 

78-16 

06:28:47.603 
06:28:47.162 
06:27:21.601 
06:27:21.062 
06:27:22.224 
06:27:22.666 
06:27:22.942 
* : ~ ~ : ~ ~ . & ~ ~  

06:27:28.964 
06:27:30.920 
06:27:37.727 
06:27:36.233 
06:28:20.057 
06:28:33.698 
06:28:33.764 
06:26:27.771 
06:26:27.869 
06:26:28.072 
06:26:17.290 
06:26: 18.328 
06:26:34.464 
06:26:34.342 
06:27:09.160 
06: 2 7: 08.890 
06:27: 16.212 
06:27:22.203 
06:26:23.016 
06:26:45.856 
06:27:30.797 
06:27:00.897 
06:26:29.209 
06:25:45.613 
06:26:43.466 
06:26:07.966 

-04:44:48.04 
-04:44:41.02 
-04~56~26.63 
-0456r32.21 
-04:34:08.29 
-04:34:19.85 
-04:34:12.65 
-M:56:32.51 
-04:56:34.51 
-04:34:53.41 
-04:53:58.95 
-04:56:34.06 
-04:41:51.66 
-04:46:57.89 
-04:49:40.95 
-04:33:21.44 
-04:33:27.40 
-04~33~27.89 
-04:35:56.03 
-04:35:57.35 
-04:35:50.12 
-04:36:21.67 
-04~28~40.64 
-04:28:40.65 
-04:30:31.79 
-04:34:08.36 
-04:39:21.88 
-04:38:57.59 
-04:39:31.58 
-04:21:20.07 
-04:18:17.66 

-04:44:41.45 
-04:37:41.56 

-04:22:04.80 

16.356 

9.422 
10.165 
12.316 
14.204 

... 

... 

... 

... 
13.766 
11.768 
13.514 
11.189 
11.034 
16.451 
11.126 
... 
... 

13.777 
12.830 
6.466 

11.784 
14.402 
12.285 
12.316 
10.810 

10.851 
6.734 
13.192 
15.538 
10.206 
8.473 

... 

... 

0.299 

0.304 
0.429 
0.548 
0.747 

... 

... 

... 

... 
0.690 
0.434 
0.644 
0.412 
0.342 
0.511 
0.313 
... 
... 

0.332 
0.659 
-0.102 

0.611 
0.314 
0.646 
0.548 
0.246 

0.311 
-0.102 
0.643 
0.721 
0.219 

... 

... 

-0.026 

0.367 

0.055 
0.066 
0.097 
0.118 

... 

... 

... 

... 
0.185 
0.087 
0.233 
0.145 
0.093 
0.148 
0.009 
... 
... 

0.092 
0.213 
-0.00 

0.136 
0.143 
0.132 
0.097 
0.080 

0.088 
0.004 
0.187 
0.872 
0.041 
-0.00 

... 

... 

18.324 
20.365 

11.602 
14.177 
16.750 
19.923 
17.952 
19.936 
17.693 
13.384 
17.738 
13.073 
12.294 
15.611 
12.303 
15.350 
15.653 
15.462 
16.965 

16.424 
14.222 
15.914 
14.455 
14.177 
11.951 
20.977 
12.114 

17.383 
18.252 
11.143 

... 

f . .  

... 

... 

0.542 
0.474 

0.458 
0.545 
0.728 
0.939 
0.521 
1.229 
1.155 
0.502 
1.203 
0.571 
0.381 
0.435 
0.379 
0.519 
0.442 
0.508 
1.168 

0.971 
0.761 
0.462 
0.699 
0.545 
0.366 
0.781 
0.367 

1.200 
0.808 
0.291 

... 

... 

... 

... 

0.564 
0.062 

0.438 
0.584 
0.785 
0.671 
0.569 
1.949 
1.479 
0.491 
1.559 
0.581 
0.406 
0.465 
0.321 
0.492 
0.405 
0.474 
1.446 

1.179 
0.658 
0.374 
0.690 
0.584 
0.313 
0.581 
0.424 

1.485 
0.746 
0.262 

... 

... 

... 

... 

NC 
NC 

NC 

NC 
NC 

NC 

NC 
NC 
NC 

NC 

Galaxy 

9 



Table 2. NGC 2232 Membership decisions 
X-ray ID Other Name Spectral Type Member 
77-01 M1 Ve Y 
77-02A 
77-03 
77-04A 
77-05 
77-06 
77-07 
77-08 
77-09 
77-10 
77-11 
77-12A 
77- 13 
77-14A 
77-14B 
77- 15 
77- 16 
77- 17 
77-18 
77-19A 
77-21 
77-22 
77-23A 
77-24A 
77-26A 
77-28 
77-29A 
77-30A 
77-31 
77-32 
77-33A 
77-34A 
77-35A 
77-36A 
77-37 
77-38 
77-41 
77-43 
77-44 
77-45 
78-01A 
78-02B 

'73-04 
78-03 

78-05A 
78-06 
78-07 
78-08 
78- 10 
78- 11 
78- 12 
78- 13 
78-14 
78-16 

Claxii 22 

ClariS 8 

BD-04 1526B 
ClariS 1 

Claria 18 

ClariA 2 

Claria 3 

LEDA 75751 

ClariA 1 2  

F9 V 
M5 Ve 
M5 Ve 
F7  V 
G3 V 

B4/5 V 
G8 V 
A0 V 
B2 V 

M5: Ve 
K8 Ve 
M1 Ve 
M3 Ve 
MO Ve 
M4 Ve 

M4.5 Ve 
MO Ve 
M5 Ve 
MO Ve 
KO V 
G4 V 
KO V 
A0 V 

M4.5 Ve 
G8 V 
K6 V* 
MO Ve 

MO Ve* 
MO Ve 

F7 V 
K5 V 

M4 Ve 
KO V 

M4.5 Ve 

F9 V 

GO V 
M4.5 Ve 

B3 V 
M4.5 Ve 
K8 Ve* 
K7 V 
KO V 
GO V 
GO V 
B3 V 

M5 Ve 

F5 V 
B8 

G-K I:* 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
I 
I 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y? 
Y 
Y 
Y 
Y 
N 
I 

N 
Y 
Y 
Y 
N 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Fig. 7.- The x-ray sources that have been con- 
firmed as candidate members are circled on the 
field of NGC 2232. 

y 10 
N 
Y 
Y 


